Background: It has been shown that musicians are at risk of noise-induced hearing loss. The aim of the study has been to evaluate the temporary changes of hearing in the case of orchestral musicians after group rehearsals. Material and Methods: The study group comprised 18 orchestral musicians, aged 30-58 years old (mean: 40 years old) having 12-40 years (mean: 22 years) of professional experience. The temporary changes in hearing after group rehearsals were determined using transient-evoked otoacoustic emissions (TEOAEs). Noise exposures during group rehearsals were also evaluated. Results: Musicians' hearing threshold levels were higher (worse) than expected for the equivalent non-noise-exposed population. Moreover, the high frequency notched audiograms were observed in some of them. After rehearsals, during which musicians were exposed to orchestral noise at A-weighted equivalent-continuous sound pressure level (normalized to 8-h working day) varied from 75.6-83.1 dB (mean: 79.4 dB). The significant post-exposure reductions of TEOAE amplitudes (approx. 0.7 dB) both for the total response and frequency bands of 2000 and 3000 Hz were noted. However, there were no significant differences between pre-and postexposure reproducibility of TEOAE. Conclusions: Obtained results have confirmed that orchestral musicians are at risk of hearing loss due to their professional activities, even at exposures to orchestral noise less than the limit values for occupational noise. Med Pr 2015;66(4): [479][480][481][482][483][484][485][486] 
report any health problems associated with hearing. The study group comprised a viola (2 persons), a flute (1 person), a harp (1 person), a violin (5 persons), an oboe (1 person) a clarinet (1 person), drums (2 persons), trombones (2 persons), a trumpet (1 person), and horns (2 persons).
All musicians filled a questionnaire developed to enable identification of occupational and non-occupational risk factors for noise-induced hearing loss (NIHL). The musicians' exposures to excessive sounds were assessed from the results of sound pressure level measurements which were performed during collective rehearsals that were preceded and followed by hearing tests. Those measurements were carried out according to the methods described in PN-N-01307 [7] and ISO 9612 [8] using Svantek analyzer type SVAN 958 (prod. Svantek, Poland) as an integrating-averaging sound level meter and Brüel and Kjaer personal noise dose meters Bruel and type BK 4443.
The aforesaid sound pressure level measurements were performed in a rehearsal room during preparation for a concert aimed to present arias of Italian operas (by Giuseppe Verdi, Giacomo Puccini, Gioachino Rossini, etc.). The results of noise measurement and questionnaire were described in details elsewhere [9] [10] [11] .
Musicians' hearing was assessed using both pure tone audiometry (PTA) and TEOAE before the start of rehearsals. The pure-tone audiometric tests were performed at audiometric frequencies: 1 kHz, 2 kHz, 3 kHz, 4 kHz, 6 kHz, and 8 kHz using a tonal audiometer Traveler Audio Audiometer type 222 (Interacoustics).
Immediately after the end of a rehearsal, i.e., after exposure to orchestral noise, the TEOAE tests were repeated. A scout otoacoustic emission system ver. 3.45.00 (Bio-logic System Corp.) was applied for recording and analyzing otoacoustic emissions. Transient-evoked otoacoustic emission recordings of 260 in average each were collected for every subject at stimuli levels of about 80 dB, using standard clicks. The artefact rejection level was set at 20 mPa. Each response was windowed 3.5-16.6 ms post stimulus and band-pass filtered 0-6000 Hz. The whole TEOAE response in the frequency band 1-4 kHz and the TEOAE amplitude levels for frequency bands with central frequencies 1 kHz, 1.5 kHz, 2 kHz, 3 kHz and 4 kHz were examined. Both hearing tests were carried out in a philharmonic building, in a quiet room where the A-weighted sound pressure level of background noise did not exceed 35 dB.
Audiograms were used for the purpose of verification of musicians' self-reported hearing status. In ad-
INTRODUCTION
Potential risk of noise-induced hearing loss due to loud music exposure has been widely investigated in musicians and people exposed to it. The result of surveys is ambiguous but it is supposed that the auditory symptoms are associated with exposure to music and that advanced audiological tests may be more useful for hearing tests of persons exposed to music, especially in the early stage of hearing damage. The review of research is presented in [1] .
Orchestral musicians represent a professional group exposed to excessive sounds (so-called "orchestral noise") at levels exceeding permissible values for occupational noise. In spite of significant differences between the industrial noise and sounds that musicians are exposed to, many studies have shown changes in hearing caused by music [1] [2] [3] . Deterioration of musicians' hearing applies to both permanent and temporary changes in hearing [1, 4] .
It is commonly known that exposure to excessive sounds (noise) may cause temporary changes in hearing. Moreover, it is believed that multiple and repeated exposure causes temporary changes leading to permanent hearing loss. Some studies have confirmed the presence of temporary threshold shift after usual musicians' activities, such as exercises, rehearsals and performances [5] .
It has been suggested that otoacoustic emissions, particularly transient-evoked otoacoustic emissions (TEOAEs) are more sensitive in the assessment of auditory function than pure-tone audiometric one (PTA) and may be more useful for detecting both noise induced short-term hearing changes and early hearing loss [6] .
The aim of this study has been to assess the temporary changes in hearing measured by means of the TEOAE after group rehearsals in the case of professional orchestral musicians.
MATERIAL AND METHODS
The study on temporary hearing changes caused by exposure to excessive sounds was conducted for a philharmonic orchestra during collective rehearsals. The study group comprised only professional musicians, who voluntarily decided to participate in hearing tests.
Participants included 18 musicians of philharmonic orchestras, aged 30-58 years old (mean: 40 years old), having 12-40 years (mean: 22 years) of professional experience. All of them were volunteers who did not dition, the actual audiometric hearing threshold levels determined in orchestral musicians were compared with the predicted hearing loss according to ISO 1999 [12] .
Due to the large number of factors that may affect the results of TEOAE performed before and after exposure to noise orchestra, in this study, the effect of risk factors, other than exposure to noise, have not been taken into account because of a small size of the study group and the significant variation in the status hearing subjects.
Statistical analysis of temporary changes in the TEAOE amplitude levels and signal to noise ratio (at frequency bands of 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz and for total response) was made using non-parametric tests for the dependent variables, i.e., Wilcoxon matched pair and Sign tests. Cases with the TEOAE amplitude below noise level were excluded from the analysis.
The differences between post-and pre-exposure amplitudes of TEOAE were evaluated using linear regression (at different frequencies and for total response). The intercept of the linear function with post exposure TEOAE amplitude axis was interpreted as the average change in the amplitude of TEOAE caused by exposure to orchestral noise in the study group.
All statistical tests were made with an assumed level of significance p < 0.05. The STATISTICA (version 6.1) software package was employed for the purpose of the statistical analysis of the data.
The study protocol was approved by the Ethics Committee of the Nofer Institute of Occupational Medicine, Łódź, Poland (decision No. 9/2010) and all subjects gave their written consents for participation in the examinations.
RESULTS
According to our previous results, musicians playing various instruments are subjected to varying exposures to sounds. These exposures vary considerably over time, and strongly depend on the repertoire. In order to illustrate the levels of noise, to which the musicians are exposed while playing instruments, the Table 1 presents aggregate results of measurements of sound pressure levels at positions of musicians playing various instruments [9] [10] [11] .
The details concerning the study group including A-weighted noise exposure level normalized to a 40-h nominal working week (L EX,w ) with respect to a weekly time of playing instruments declared by musicians) are shown in the Table 2 . The L EX,w values were estimated based on the results of our previous studies [9] [10] [11] and on a weekly time of playing an instrument declared by musicians. This table also presents data on the A-weighted noise exposure level during analyzed rehearsals (between TEOAE tests) normalized to a nominal 8-h working day (L EX,8h ). As it has been proven, during rehearsals the study subjects were exposed to orchestral noise at levels below the limit values for occupational noise (< 85 dB).
It was found that 5 subjects had notched audiograms at high frequencies. The notched audiograms were the ones, in which the differences between the maximum hearing threshold at frequencies 3 kHz, 4 kHz, 6 kHz and hearing thresholds at frequencies 2 and 8 kHz were greater than or equal to 10 dB. Generally, the averaged audiometric hearing threshold levels of the 18 musicians (36 ears) do not exceed 15 dB HL, which indicates a good state of their hearing (Figure 1 ). Higher hearing threshold levels at the frequencies of 4000 Hz, 6000 Hz and 8000 Hz were only observed in the case of subjects over the age of 40 years old.
Musicians' hearing threshold levels (at 2000, 4000 and 6000 Hz) were higher than expected for age-and gender-comparable non-noise-exposed population according to ISO 1999 [12] . The observed increase in hearing thresholds below 1500 Hz was probably related to the conditions, under which hearing tests were conducted, i.e., in a quiet room (with background noise up to 35 dB(A)) in the philharmonic building instead of a sound-proof cabin.
The TEOAE results are presented in the Table 3 and Figures 2-4 . As it has been proven, the TEOAE amplitude reduction was observed at all tested frequencies. Fig. 1 . The hearing threshold level in the study group compared to predicted hearing threshold levels according to ISO 1999 [12] in non-exposed noise population (data base A) Ryc. 1. Progi słuchu w badanej grupie w porównaniu z przewidywanymi progami słuchu według ISO 1999 [12] w populacji nienarażonej na hałas (baza danych A) Whole response in the frequency band of 1-4 kHz / Odpowiedź zbiorcza w pasmach częstotliwości 1-4 kHz.
* Only ears with the TEOAE amplitude above noise level were analyzed (27 pairs of pre-and post-exposure met that requirement) / Przeanalizowano tylko uszy z amplitudą TEOAE większą od szumów (wymóg ten spełniało 27 par wyników badań przed ekspozycją i po ekspozycji). The post-exposure temporary changes in the TEOAE amplitude together with the results of the statistical tests are given in the Table 4 . Statistically significant reduction of the TEOAE amplitude (for total response and at frequency bands of 2000 Hz and 3000 Hz) was noted after a rehearsal. The deterioration of whole amplitude in the frequency range 1-4 kHz reached 0.7 dB. The comparison of the post-and pre-exposure noise level revealed significant difference only at the frequency of 4000 Hz.
DISCUSSION
The comparison of the post-and pre-exposure noise level of noise in the test before and after exposure showed only the differences at the frequency of 4000 Hz, which might be due to high frequency hearing losses in the study group. Statistically significant reduction in the TEOAE amplitude (for total response and at frequency bands of 2000 Hz and 3000 Hz) was observed after exposure to excessive sounds during a rehearsal. The aforesaid changes were observed after exposure to orchestral noise at relatively low sound exposure level related to a 8-h working day (~80 dB). It should be remembered that the sound pressure levels occurring during collective rehearsals of orchestras are relatively high especially in cases of wind instruments and percussion (Table 1 ). In the latter case, sound pressure levels may exceed the admissible values of A-weighted maximum sound level L Amax and C-weighted peak sound level L Cpeak for occupational noise [13] .
Earlier, the post-exposure reductions in the TEOAE amplitude were also observed in other studies concerning music exposure [6, 14] . For example, Libbin [6] -in the case of college marching band members and Santos et al. [14] -in the case of disc jockeys noted temporary variations in TEAOEs in all tested frequencies. However, in those studies, sound exposure levels were higher and amounted to 85-105 dB and 93.2-109.7 dB, respectively. Also, in the case of CD players, the TEOAE reduction was observed after exposure to music corresponding to the daily noise exposure (L EX,8h ) 77-83 dB [2, 4] . It should be stressed that the reduction of transient otoacoustic emissions (TEOAE) was determined with high uncertainty. In the future, the size of the study groups should be increased not only in order to reduce uncertainty but also in order to analyze the effects of other risk factors than exposure to orchestral noise.
CONCLUSIONS
Despite the unknown mechanism which causes temporary variations, it is believed that multiple and repeated exposures which cause temporary changes in hearing Publisher / Wydawca: Nofer Institute of Occupational Medicine, Łódź, Poland may lead to permanent hearing loss. Prevalence of temporary reduction of the TEOAE response amplitude supports the statement that the professional musicians are at the risk of hearing deterioration because of their occupational activities, even in the event of exposures to orchestral noise lower than the limit values for industrial noise.
